The fuel 2-azido-N,N-dimethylethanamine (DMAZ) has shown considerable promise as a replacement for hydrazine-based fuels in hypergolic propulsion systems, but the ignition delays observed for DMAZ-inhibited red fuming nitric acid (IRFNA) systems are longer than those for monomethylhydrazine-IRFNA systems. This report considers the potential of 2-azidodocycloalkanamine-based fuels for addressing this issue. Such molecules have two stereochemically distinct isomers, one of which prevents the azide group from "shielding" the amine lone pair electrons from proton attack. The other promotes such shielding. Since shielding likely influences the manner in which nitric acid reacts with amine-azide fuels, the ignition delays for the isomers may be different, and it is possible that one of the isomers will yield shorter ignition delays than DMAZ. To support consideration of the synthesis and development of 2-azido-N,N-dimethylcyclopropanamine (ADMCPA) equilibrium structures are identified and their gas-phase heats of formations estimated via density functional theory-based calculations. In addition, ADMCPA isomer condensed-phase densities and heats of vaporization are estimated via molecular dynamics simulations performed with halogen analogs. Combined and employed to predict ballistic properties, the computational results indicate that the ADMCPA isomers merit further investigation as hypergols. A suggestion for synthesizing cis-ADMCPA is also proffered.
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Introduction
Providing an extremely reliable basis on which to design intermittent and/or variable thrust propulsion systems, hypergolic liquid (or gel) fuel-oxidizer combinations-i.e., those that react spontaneously upon mixing-are employed throughout the Department of Defense (DOD) and National Aeronautics and Space Administration (NASA) for aviation and missile applications.
One of the drawbacks to many "standard" hypergolic fuel-oxidizer combinations, however, is that the fuels are derived from hydrazine, monomethylhydrazine (MMH), and/or unsymmetrical dimethylhydrazine (UDMH)-all of which are acutely toxic and suspected carcinogens [1] . Searching for alternatives to hydrazine-based fuels, the Army (via the U.S. Army Aviation and Missile Command [AMCOM] and in collaboration with other DOD and NASA organizations) is investigating the use of various 2-azidoethanamines in such applications. Collectively referred to as Competitive Impulse Non-Carcinogenic Hypergols (CINCH) [2] , the formulation within this class of compounds receiving the most attention is 2-azido-N,N-dimethylethanamine ((CH 3 ) 2 NCH 2 CH 2 N 3 ). Also referred to as DMAZ, this fuel has been found to yield performance competitive with Aerozine 50 (a 50/50 mixture of hydrazine and UDMH) in inhibited red fuming nitric acid (IRFNA) oxidized experimental systems. DMAZ-IRFNA systems do not, however, meet "ignition delay" standards set by MMH-IRFNA systems, and this shortcoming may negatively impact the Army's ability to field this alternative.
Based on traditional chemical knowledge and testing performed for AMCOM, it was concluded that a rate-limiting step in DMAZ-IRFNA ignition might be associated with an initial chemical reactionnamely, proton transfer from nitric acid to DMAZ's amine nitrogen [3] . As a result, one of the approaches to addressing the ignition delay issue has been to synthesize differently substituted 2-azidoethanamines with the hope of enhancing the amine's reactivity/basicity. Two compounds synthesized subsequent to the identification of DMAZ as a promising hypergol are 2-azido-N-methylethanamine (MMAZ) and 2-azido-N-cyclopropylethanamine (CPAZ), and a comparison of their attributes is instructive. MMAZ, which has a hydrogen atom in lieu of one of the methyl groups in DMAZ, is not hypergolic, while CPAZ, which has a cyclopropyl group in lieu of the methyl group in MMAZ, is. However, the hypothesis that the ignition delays for these fuels are, in fact, due to differences in the basicity of their amine nitrogen remains to be proven.
In support of the experimentally based research being pursued through AMCOM, the U.S. Army Research Laboratory (ARL) is employing computational quantum chemistry in an attempt to identify the differences between fuels that correlate with ignition delay, the initial focus of this effort being the characterization of fuel-nitric acid proton transfer reactions. Toward characterizing DMAZ-nitric acid reactions, a study to establish the nature of DMAZ equilibrium structures was conducted [4] , with 12 conformers being identified via density functional theory (DFT). One of the interesting findings of that study was that in DMAZ's lowest energy structure (Figure 1 ), the azido group will shield the amine lone pair electrons from proton attack. Given the importance of proton transfer reactions inferred from experiments, this finding raised the possibility of molecular geometry having an influence in the ignition process. Figure 1 . The lowest energy DMAZ structure and a mapping of the electrostatic potential on its 0.004 atomic unit (a.u.) electron isodensity surface. Dark blue regions of the potential correspond to nucleophilic (lone pair electron) sites.
While considering means to explore this possibility, doubts about the value of a computational study arose, the concern being that even if a deleterious relationship between shielding and ignition delay could be established, an inability to prevent shielding would make the knowledge moot. This prompted the author to consider alternatives to 2-azidoethanamines. Informed that the introduction of a cyclic structure can "lock in" a preferred orientation between functional groups, the author sketched out a number of notional molecules based on the approach. Of the molecules sketched, 2-azidocycloalkanamines, the trans form of which prevents the azide group from coming in close proximity to the amine lone pair, were intuitively appealing. Stoichiometrically, 2-azido-N,N-dimethylcyclopropanamine (ADMCPA), 2-azido-Nmethylcyclobutanamine (AMCBA), and 2-azidocyclopentanamine (ACPA) differ from DMAZ by only one carbon atom, (C 5 H 10 N 4 vs. C 4 H 10 N 4 ), and, like DMAZ, the amine and azide groups are separated by two carbon atoms. Moreover, like CPAZ, which also has C 5 H 10 N 4 stoichiometry, the cycloalkyl group should increase the reactivity of the amine lone pair. Therefore, if shielding of these electrons by the azido group is indeed a rate-determining mechanism in the ignition process, the cis and trans forms of a given azidocycloalkanamine will have different ignition delays, and it is possible that one of the forms will yield shorter ignition delays than DMAZ or CPAZ. AMCBA and ACPA will presumably be less reactive than ADMCPA, but might be worth synthesizing if ADMCPA proves to react too violently-a problem encountered in CINCH molecules synthesized with more than one azide functional group [2, 3] .
It is, of course, a nontrivial exercise to experimentally synthesize and characterize a new compound, and the intuition of a computational chemist is hardly adequate justification for undertaking such a project. Therefore, computationally based property predictions were obtained to support consideration of 2-azidocycloalkanamine synthesis. Included are DFT-based characterizations of trans and cis ADMCPA equilibrium structures and their gas-phase heat of formation. A limited set of equilibrium AMCBA and ACPA conformers is also characterized. In addition, an approach to estimating the condensed-phase densities and heats of vaporization for azide-functionalized compounds based on molecular dynamics (MD) simulations with halogen analogs is proposed and validated, then employed to predict condensed-phase properties for the ADMCPA isomers. The property predictions are subsequently employed in ballistic performance calculations that provide a comparison of ADMCPA isomer specific impulses (I SP ) and density specific impulses (D*I SP ) relative to those for the CINCH fuels and MMH. Finally, a suggestion for synthesizing cis-ADMCPA is proffered.
Computational Quantum Chemistry Methods
The Gaussian98 (G98) suite of quantum chemistry codes [5] was employed to identify equilibrium ADMCPA, AMCBA, and ACPA structures and characterize their normal modes. The level of theory employed-DFT utilizing the B3LYP exchange-correlation functionals [6] [7] [8] and 6-311++G(d,p) atomic orbital basis set [9] [10] [11] on a G98-defined "ultrafine" grid-was chosen based on the success achieved with it in characterizing DMAZ [4] . In addition to the structural characterizations, estimates of gas-phase heats of formation at 298 K (∆H f (298)) were sought for use in predicting ballistic performance. Unfortunately, the well-established approach for obtaining ∆H f (298) estimates via the G2 method [12] proved computationally intractable, necessitating the implementation of an alternate method. The results presented in this report are derived from the heats of reaction (∆H r (0)) calculated for "isodesmic" reactions at 0 K. (Isodesmic reactions are those in which the total number of each type of bond are equal in reactants and products; the success of the method assumed to be associated with the cancellation of errors achieved through equating product and reactant bonds [13] .) In an attempt to identify if the method generated systematic errors, Figures 2 and 3 show, respectively, the equilibrium trans-ADMCPA and cis-ADMCPA structures identified through this study. The geometric parameters for these conformers are provided in Table 1 , and 
Computational Quantum Chemistry Results
ADMCPA
67° (t-A and t-B), 61° (t-C and t-D), and -165° (t-E and t-F).
Conformers t-A and t-B are observed to be more than 4 kcal/mol lower in energy than the other conformers, indicating that the !67° H10-C9-N11-C12 angle is energetically favored. (In this configuration, the amine lone pair points toward and directly over the -(C 3 H 4 )-group.) Two different N2-N3-C4-C6 dihedral angles are also observed, 87° (t-A, t-D, and t-E) and !165° (t-B, t-C, and t-F), but for conformer pairs where this is the only primary difference-(t-A, t-B), (t-C, t-D), and (t-E, t-F)-the energy differences are small (≤0.2 kcal/mol). The six trans conformers identified are all of the structures that can be constructed from combinations of the geometric preferences observed. Based on a Boltzmann distribution calculated from trans conformer zero-point corrected energies, it is expected that t-A (58%) and t-B (41%) populations will dominate a gas-phase trans-ADMCPA sample at room temperature.
The cis-ADMCPA conformers have energetically favored H10-C9-N11-C12 and N2-N3-C4-C6 angles similar to those seen in the trans-ADMCPA conformers, but the correspondences between conformer energies and these angles are slightly different. Perhaps the most noteworthy difference is the 1.0 kcal/mol difference between conformers c-A and c-B. This difference is presumably related to the fact that c-A has a (stabilizing) azide-amine interaction similar to that observed in the lowest energy DMAZ conformer ( Figure 1 ). In DMAZ, the conformer with this configuration is also lower in energy than otherwise similar conformers by 1.0-1.3 kcal/mol. Therefore, it is expected that c-A will prove to be the lowest energy cis-ADMCPA conformer. The six cis conformers identified are all of the structures that can be constructed from combinations of the geometric preferences observed. Based on a Boltzmann distribution calculated from cis conformer zero-point corrected energies, it is expected that c-A (82%) and c-B (18%) populations will dominate a gas-phase cis-ADMCPA sample at room temperature. 
t-A t-B t-C t-D t-E t-F c-A c-B c-C c-D c-E c-F
Bond Length (in Angstroms) N1-N2 The relative energies of the lowest energy trans-and cis-ADMCPA conformers also deserve note. That is, despite c-A having the stabilizing amine-azide interaction found in DMAZ, it is still 1.8 kcal/mol higher in energy than the lowest energy trans-ADMCPA structure (where this interaction is precluded). The accuracy of the energy calculations is assumed to be from 1 to 3 kcal/mol, so the true energy ordering is uncertain. But it may be found that the two isomers yield different (overall) reaction exothermicities in an otherwise similar system.
With 19 atoms and C s symmetry, all ADMCPA conformers have 51 normal modes. Frequency values and (integrated) infrared (IR) intensities for transitions to all modes of each conformer are provided in Tables 3 and 4 . Lacking experimental mid-IR absorption spectra with which to compare, the results are considered to have limited value at this time, and so are not discussed in detail. However, they do indicate that if ADMCPA molecules are synthesized, the acquisition of mid-IR absorption spectra in the range from 400 to 900 cm -1 will reveal which structures are present in the sample. Simulating mid-IR absorption spectra (I(v)) by modeling vibrational band contours (due to rotational line structure) with a Lorentzian lineshape,
where A j is the integrated absorption for a transition to the j th normal mode and γ (equal 10 cm
is the lineshape width at half-maximum, Figure 4 shows that the presence of cis-ADMCPA will be identifiable by the presence of a feature at about 590 cm -1 , and that c-A and c-B will be identified/distinguished by the concomitant appearance of features near either 650 cm -1 or 700 cm -1 . The presence of a feature at 447 cm -1 , on the other hand, will identify the presence of trans-ADMCPA. 
AMCBA and ACPA
The equilibrium AMCBA and ACPA structures identified through this study are shown in Figures 5 and 6 , respectively. The conformers in these limited sets were obtained via geometry optimizations started with structures expected (based on the ADMCPA characterizations) to be energetically favored. Shielding configurations in trans isomers were also sought. Complete geometric parameters and normal mode details for the structures in these figures are provided in the Appendix. Briefly, as in DMAZ and cis-ADMCPA, the cis isomers of AMCBA and ACPA have configurations with interacting amine and azide groups that are 1.0 kcal/mol lower in energy than otherwise similar conformers. Thus, a population dominated by a shielded configuration is expected for the cis forms. As for trans-AMCBA and trans-ACPA, the increasing flexibility of their rings allows closer proximity of the azide and amine groups than in trans-ADMCPA; estimates for the azide-functionalized molecules in the table.
Gas-Phase Heats of Formation
Another general concern in predicting ∆H f (298) via theoretical results for isodesmic reaction schemes-namely, the necessity of good experimental heat of formation values for all (assumed) knowns-proves to be an issue for the azide-functionalized fuels and also requires comment. First, the bonds in the azido group are unique in nature-i.e., they are not reliably represented as single, double, or triple bonds, or by other "common" bonds-and thus the isodesmic schemes must include an azido compound as a reactant. Unfortunately, the only simple azide compound with a reliable heat of formation value is hydrozoic acid (HN 3 ). Heats of formation for methyl azide and ethyl azide would have been valuable, but published experimental values could not be found, and there are indications that values obtained with the G2 method are from 2 to 3 kcal/mol too low [15] . Thus the ability to compare values from different isodesmic schemes and identify systematic errors is limited. Based on the author's "best estimates" for the ∆H f (298)'s of methylazide and ethylazide and an experimentally obtained ∆H f (298) for 1-azidobutane [16] , the aliphatic azide ∆H f (298) values appear to be underpredicted. But since these underpredictions are coupled with (expected) slight overpredictions for the (isodesmic) formation of secondary and tertiary amines from primary and secondary amines, the author expects that the Table 5 ∆H f (298) estimates for the aliphatic amine azides from these schemes will prove to be reasonably accurate. An experimental value for DMAZ has been established [2, 3] and indicates that the theoretically based prediction is approximately 3 kcal/mol (5%) too high. However, given the lack of corroborating evidence for the experimental value, this issue is considered an open one.
Molecular Mechanics Methods and Results
In addition to the gas-phase properties characterized, the author was interested in estimating condensed-phase densities and heats of vaporization for each ADMCPA isomer. Coupled with the gas-phase heats of formation determined, such property predictions can be employed in calculations to predict a fuel's performance in a propulsion system. Having been employed successfully by Bunte and Sun for predicting/estimating the density of nitrate esters [17] , an approach for obtaining condensed-phase properties based on the Molecular Simulations, Inc.
(MSI, now Accelrys, Inc.) suite of molecular modeling codes and its COMPASS force field [18] was desired. However, COMPASS force field parameters for azide atom types had not been developed at the time of the study, so the use of "azide analogs" in the simulation routines had to be considered. The properties of notional azide compounds are commonly predicted based on their halogen analogs, and a specific approach for predicting densities was suggested by the work of Lee et al. [16] , who found that the (experimentally determined) densities of ω-azidoalkanes are nearly identical to those of their monochloride analogs. In addition, these researchers found that the heats of vaporization of ω-azidoalkanes are close to those of their monobromide analogs.
To establish that the correspondences observed by Lee et al. would be found computationally, MD simulations with the monochloride and monobromide analogs of DMAZ, CPAZ, MMAZ, and 1-azidobutane were set up and run. The simulations were performed on cubic threedimensional periodic cells containing 1080-1100 atoms (56-72 molecules) constructed by the Amorphous Cell module of Insight II. (Amorphous Cell builds cells according to a modified Markov process, incorporating rotational isomeric state probabilities modified to account for nonlocal [long-range] interactions [19, 20] .) Eight different cells with an initial target density of 0.9 g/cm 3 were built for each compound, the length of cube edges being ~25 Å for monochloride compounds and ~23 Å for monobromide compounds. A group-based cut-off method with tail correction was employed to evaluate nonbond interactions. The cut-off method assumes that the radial distribution functions converge to unity beyond the cut-off distance. The cut-off distance was specified to be 10 Å for all compounds except the CPAZ analogs, where a 10.5-Å cutoff was employed.
The simulations consisted of three stages, the dynamics in all cases being modeled with Verlet velocity integration [21] and Andersen temperature control [22] . Berendsen pressure control [23] was employed for constant pressure simulations. The first stage was a 30,000-step, 1-fs/step, constant volume and temperature (NVT) "pre-equilibration" simulation run to relieve large stresses (inadvertently) introduced by the cell packing procedure. The second stage of the procedure was a 30,000-step, 1-fs/step constant pressure and temperature (NPT) simulation that allowed the cell to equilibrate. The final stage was a 50,000-step, 1-fs/step NPT simulation during which data was recorded. Table 6 compares the densities of the monochloride analogs of DMAZ, CPAZ, MMAZ, and 1-azidobutane vs. experimentally determined values for the corresponding azides. The computationally determined density for 1-chlorobutane is observed to be nearly identical to its experimentally determined value and that of 1-azidobutane. (Given that the COMPASS force field parameters for the atom types relevant to 1-chlorobutane were probably developed with a training set consisting of ω-alkylchlorides, the good agreement was expected.) The computationally determined densities for the monochloride analogs of MMAZ, DMAZ, and CPAZ are also observed to be in reasonable agreement with experimentally determined values for the corresponding azide. The approach predicts that the density of trans-ADMCPA will be 0.945 g/cm 3 , a value that is slightly lower than that predicted for DMAZ (0.955 g/cm 3 ). The density of cis-ADMCPA is predicted to be 1.00 g/cm 3 , a value that is even higher than that predicted for CPAZ (0.98 g/cm 3 ). Table 6 also presents estimates for the heats of vaporization of the monochloride and monobromide analogs of DMAZ, CPAZ, MMAZ, and 1-azidobutane. It is observed that the values for the monochloro and monobromo analogs of DMAZ and 1-azidobutane are similar to, but lower than, the values observed experimentally for the corresponding azides. Since the heats of vaporization determined for the monochloride and monobromide analogs are similar, the effort needed to perform a separate set of simulations with bromide analogs will not be undertaken in the future. Being a byproduct of simulations necessary to predict densities, the heats of vaporization derived from monochloride analogs are "free," and thus provide an easily obtained reference point. In the present case, however, it is observed that most of the values in the table cluster near DMAZ's experimentally determined value of 9.4 kcal/mol, and this value was employed by the author in calculating all of the condensed-phase heats of formation given in Table 6 . The potential error associated with this approach is expected to be less than ±2 kcal/mol.
Ballistic Properties
With estimates for condensed-phase heats of formation and densities, it is possible to calculate and compare the specific impulses (I SP ) and density impulses (D*I SP ) that MMAZ, DMAZ, CPAZ, and the ADMCPA isomers will produce when combined with an oxidizer. Table 7 compares optimized I SP values from NASA-Lewis rocket calculations [24] for a system in which the oxidizer is an IRFNA "mixture." (The oxidizer mixture is one employed by AMCOM for such comparisons.) It is observed that the optimized I SP values for the aliphatic amine azides are nearly identical to each other and less than 1% lower than the value obtained for MMH. Moreover, with higher densities than MMH, their D*I SP 's are predicted to be higher.
Synthesis Possibilities
The author has no (relevant) experience in the art of synthetic organic chemistry, but wanted to at least attempt to address the possibility of synthesizing ADMCPA. A literature search of synthesis routes for aliphatic amine azides revealed a large number of possibilities, with a relatively recent review of the preparation of azide compounds written by Schriven and Turnball being particularly instructive [25] . Of the approaches identified via this survey, the most intriguing to the author was suggested by the work of Benalil et al. [26] . Based on synthesizing desired 1,2 aminoazides by treating "appropriate" 1,2 aminoalcohols with triphenylphosphorous (PPh 3 ), diethyl azodicarboxylate (DEAD), and HN 3 -i.e., the (modified) Mitsunobu reaction [27] -this approach should be readily testable because an appropriate 1,2 aminoalcohol for ADMCPA, namely trans-2-hydroxy-N,N-dimethylcyclopropanamine, has already been synthesized by Armstrong and Cannon [28] . Since the modified Mitsunobu reaction converts alcohols to azides through inversion of configuration, successful conversion of trans-2-hydroxy-N,N-dimethylcyclopropanamine via this approach will probably produce cis-ADMCPA.
Discussion
The superior performance of hydrazine and its methylated derivatives compared to other hypergols can generally be attributed to three characteristics: short ignition delays, high densities, and high specific impulses, the shortcoming of most alternatives being long ignition delays. Given that aliphatic azides are not hypergolic and that the ignition delays of aliphatic amines are much longer than those of hydrazine and its derivatives, the short ignition delays produced by (the aliphatic amine azide) DMAZ are surprising, and identifying the mechanisms that underlie this phenomenon could be useful in designing fuels with even shorter ignition delays.
Since aliphatic azides are not hypergolic, but do undergo (explosive) exothermic unimolecular decomposition if raised to a sufficiently high temperature, and aliphatic amines are hypergolic but "slow," in the absence of detailed knowledge about DMAZ's molecular structure, a "working hypothesis" was suggested. That hypothesis was that exothermic proton transfer from nitric acid to the amine, which is more nucleophilic than the azide, was jump-starting the azide decomposition, and the azide decomposition was accelerating the otherwise slow secondary reactions involved in pure amine oxidation. This hypothesis was consistent with the observation of ammonium nitrate salts in combustion residue [3] , and observed differences in the performance 2-azidoethanamines with different amine substituents, shorter ignition delays found for fuels whose amines would be expected to be stronger bases. Not surprisingly, this hypothesis led AMCOM to focus on synthesizing fuels with more a more nucleophilic amine.
The genesis of this study was the finding that in DMAZ's lowest energy configuration, the azide group sterically shields the lone pair electrons associated with the amine nitrogen [4] . Given the experimentally indicated importance of proton transfer to this site, the author initially assumed that shielding would reduce a compound's reactivity and therefore contribute to increasing ignition delays. Thus, his interest was in identifying compounds that would prevent shielding. Through the course of this study, however, several observations led the author to consider the possibility that the amine-azide interaction in the shielding configuration is actually the enabling mechanism. First, given the fact that close to 50% of DMAZ's amine sites will be shielded from proton attack at room temperature and that DMAZ is competitive with Aerozine 50, it would be imprudent to ignore this possibility. Second, though (aliphatic) azides are not known as hypergols, the azide group has two lone pair sites and nitric acid hydrogen bonds (exothermically) to these sites in the gas phase. Calculations for an as yet incomplete study to characterize DMAZ-nitric acid complexes indicate that hydrogen-bonding to azide sites is only slightly less than the exothermic than the hydrogen-bonding at amine sites. In addition, though enhancing the amine's basicity would almost certainly reduce ignition delays, there is the potential that any increase in amine basicity will be offset by an enhancement of the amine-azide interaction and an increase in shielding. (Such an effect is suggested by preliminary results from ongoing theoretical characterizations of CPAZ and MMAZ.) If enhancement of the azide group's basicity through the azide-amine interaction is the enabling mechanism, then cis-ADMCPA could yield very short ignition delays. The author hopes that the promise of the ADMCPA isomers that is indicated in the computational characterizations presented is sufficient to pursue their synthesis, as experimental testing with them should clarify the influence of the azide-amine interaction and the azide's basicity on the ignition process.
As a final note, the possibility of using a CH 2 group to bridge the ethyl group carbons of DMAZ was investigated because of the obvious similarities between the 2-azidocycloalkanamines and DMAZ and CPAZ, but the bridge can presumably be made with groups other than CH 2 , NH and O being two possibilities. A stable structure based on the former-an aziridine-is shown in Figure 7 . However, the author does not have enough knowledge of small heterocyclic organic compounds to even guess as to whether their properties will be similar to DMAZ or CPAZ, so he made no attempt to further characterize such alternatives. Certainly, property estimates for such alternatives could be calculated if considered warranted. 
Summary
Fuels based on 2-azidocycloalkanamines are proposed as means of obtaining hydrazinealternative hypergols with ignition delays shorter than those observed for DMAZ. The geometric parameters and normal modes for a number of 2-azidocycloalkanamines with C 5 H 10 N 4 stoichiometry were characterized through the use of DFT, and MD simulations performed with the halogen analogs of ADMCPA, DMAZ, CPAZ, and MMAZ were employed to predict liquid densities and heats of vaporization. I SP and D*I SP values predicted based on the DFT and MD results, coupled with the possibility of shorter ignition delays, suggest that the ADMCPA isomers merit further consideration as alternatives to DMAZ or MMH in hypergolic propulsion system applications.
Appendix. Details From 2-Azido-N-methylcyclobutanamine (AMCBA) and 2-Azidocyclopentanamine (ACPA) Theoretical Characterizations
This Appendix provides tables summarizing the theoretical characterizations of cis and trans forms of 2-azido-N-methyl-cyclobutanamine (AMCBA) and a trans isomer of 2-azidocyclopentanamine (ACPA). Table A-1 presents the geometric parameters for the AMCBA conformers shown in Figure 5 , and Figure 6 , and 
